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INTRODUCTION 
The ultimate source of all runoff is precipitation and a high 
percentage of the land area on which this precipitation first falls is 
used for agricultural purposes. Farmers, therefore, have the first 
opportunity to use this water; that is to raise crops, to water live­
stock, and for many other purposes. However, not all of the pre­
cipitation falling on agricultural land can be absorbed by this land 
and thus runoff does occur. As with other users, the farmer, through 
his activities, can produce desirable or undesirable effects on the 
quality of the runoff. For. example, terracing and planting a good 
cover crop will reduce erosion of soil particles and thus reduce the 
turbidity carried to the receiving stream. By contrast, the appli­
cation of pesticides to the soil or to plant life may result in the 
contamination of the receiving stream. 
Presently, the population of.the United States is doubling nearly 
every 40 years (1-5). In addition to this increasing population, the 
United States is experiencing increased urbanization which is rapidly 
decreasing the amount of available farm land. For instance, in 1950 
there were approximately 5. 65 million farms in the United States 
totaling 1. 20 billion acres and in 1969 there were approximately 2. 98 
million farms totaling 1. 12 billion acres (1-590). 
To feed and clothe the increasing population.on less available 
farm land, agricultural practices are being changed drastically each 
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year. Farmers are finding it necessary to use more fertilizer, to 
use more pesticides, to produce more animals in a small area, to 
.introduce more specialization, and to modify their practices in many 
other ways. For these reasons, concern has been expressed by those 
within the field of water pollution control in regard to the pollution 
potential of wastes resulting from agricultural lands. 
Rainfall runoff and snowmelt,runoff from agricultural lands repre­
sent one source of water pollution which is not susceptible to the 
usual collection methods before treatment. This fact in itself is 
significant. Economics is a controlling factor which limits the use 
of common collection methods. If agriculture is forced to increase 
its costs of operation to reduce wastes, or the adverse effects of 
wastes, then the consumer will probably also experience an increase in 
costs. Thus, not only must consideration be given to the amount of 
waste control that is desired, but consideration must also be given 
to the cost of this waste control. 
Past research related to agricultural runoff has been concerned 
primarily with sediment losses from small test plots which simulated 
agricultural lands. Information concerning the waste characteristJcs 
of runoff from agricultural lands under field conditions for the North 
Central section of the United States was not found in the literature. 
Since this particular geographical area of the Un�ted States is mainly 
agricultural land, this area offers an opportunity for research 
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pertaining to rural runoff under field conditions. Because of its 
interest to people in the field of water pollution control, an in­
vestigation to determine the -waste charac·teristics of snowmelt run-
off and rainfall runoff from agricultural land was undertaken. 
The general objective of this investigation was to explore the 
pollutional characteristics of runoff from an agricultural drainage 
basin located in eastern South Dakota. The specific objectives of the 
investigation were: 
1) To determine the quality of runoff from an agricultural 
drainage basin located near Brookings, South Dakota. 
2) To investigate the frequency of runoff from the drainage 
basin throughout a full-runoff season; that is, from the 
beginning of snowmelt runoff in the spring until the end 
of the rainfall season in late fall. 
3) To determine the pollutional characteristics attributable 
to the suspended matter present in the runoff in order to 
assess the effectiveness of settling as a means of waste 
reduction in runoff from agricultural lands. 
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LITERATURE REVIEW 
·Precipitation and Runoff Characteristics 
Characteristics of precipitation can be categorized according to 
two different seasons or periods. During the dormant period (Oct. -
Apr. ) the precipitation may be either solid or liquid, of low in­
tensity with small drops, of long storm duration, and of large storm 
area (2). By contrast, dur_ing the growing season (May - Sept. ) the 
precipitation is of a liquid form, of high intensity with large drops, 
of short storm duration, and of small storm area (2). 
High intensity rainfall causes surface runoff from agrfcultural 
lands which transports soil particles loosened by large raindrops. 
Ellison (3) found that raindrop splash carried a higher percentage of 
large particles than surface flow and that soil transported in rain­
drop splash increased with drop size, drop velocity, and rainfall 
intensity. Under field conditions, soil in splash material is subject 
to displacement and hence may become a component of runoff water (4). 
Low intensity rainfall of long duration may also cause runoff but 
soil erosion is much less severe under these conditions. Regardless 
of the rainfall intensity, runoff water from agricultural lands may 
contain a certain amount of organic matter, nutrients, and solids. In 
all cases, the presence of t�ese materials in runoff will depend 
largely on such things as the soil type, geology, ·topography, 
vegetative cover., and applied soil conservation practices. 
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Wastes from Agricultural Runoff 
Sediment - The Mississippi River deposits more than 500 million tons 
of sediment into the Gulf of Mexico during an average year and this 
constitutes only about one-half of the average annual s�diment delivery 
to the oceans by the rivers of the conterminous United States (5-35). 
Brown (6-21 1) estimates that only one-fourth of the silt produced by 
erosion from watersheds ever reaches the oceans. Thus, the total 
sediment production of the United States amounts to about 4 billion 
tons in an average year. Wadleigh (5-24) reports that in this 4 
billion tons of sediment that are delivered to our waterways each year, 
the equivalent of 4 million acres of topsoil are transported. It is 
estimated that at least 75 percent of this sediment is derived from 
agricultural lands and forest lands. The removal of this amount of 
topsoil results in the loss of 50 million tons of primary nutrients 
nitrogen, phosphorus, and potassium -- from our agricultural arid 
forested lands each year (5-24). 
Sediment resulting from land erosion constitutes by far the 
greatest mass of all the waste materials arising from agriQultural 
operations. One of the principal sources of sediment is sheet and rill 
erosion of land used for agricultural and range purposes (7). However, 
it is now recognized that unprotected roadsides, unstabilized stream­
banks, and rural fringe areas -- particularly areas of new 
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construction -- are also major sources of sediment pollution (8). 
Sediment delivery varies widely according to such things as soils, 
geology, topography, precipitation, vegetative cover, and applied 
soil conservation practices (5-36). 
Excessive amounts of sediment are harmful to essentially all 
beneficial uses of water. Sediment in water renders the water unfit 
for many domestic and industrial uses. Wadleigh (5-24) reports that 
sediment deposition may have an adverse effect on agriculture due to 
the filling of stream channels, irrigation channels, farm ponds, and 
reservoirs used for irrigation, recreation, fishing, and farmstead 
water use. Sediment deposition may also cause damage to agricultural 
land resources from overwash of infertile materials, impairment of 
natural drainage, and swamping and increased flooding because of 
sediment accumulations in stream channels (5-24). 
Past research concerning sediment loss from agricultural lands has 
involved the measurement of soil loss from small plots using rainfall 
simulators. Such research (9) (10) has revealed sediment losses due to 
a rainfall intensity of about 2. 5 inches per hour of from slightly over 
five tons per acre per hour to approximately ten tons per acre per. hour 
for silty clay loam soils similar to those in this immediate area. 
Research has shown that land cover is the major deterrent to 
sediment delivery into streams. For example, changing cultivated 
fields from row.crops to small grain may reduce soil loss by sheet 
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erosion by 60 to 90 percent, depending on cover conditions, soils, and 
seasonal distribution of rainfall (5-58). Crop rotation, mulching, 
strip-cropping, and contour cultivation have also been shown to be 
highly effective in reducing soil erosion from agricultural lands. 
Nutrients - Plant nutrients in agricultural runoff are of most con­
cern from a pollution standpoint_because of their contribution to: 
(�) eutrophication of lakes and streams and (b) nitrate concentrations 
in well water used for drinking (11-45). 
Eutrophication of surface waters is associated with excessive 
growths of water plants resulting in "algal blooms" which may make the 
water uninhabitable for fish and unfit for re�reational uses. These 
algae must have mineral nutrients in order to grow. In most waters the 
main limiting factor for the growth of algae is phosphorus since other 
nutrients such as nitrogen and potassium are present in abundant 
quantity. Available evidence indicates that algae will grow vigor­
ously if the water contains only 0.1 mg/1 of phosphorus (5-37). Algal 
growth is reported to be limited by phosphorus concentrations below 
0.01 ppm but concentrations of 0. 05 ppm or higher may permit profuse 
growth (11-46). The phosphorus content of the water in many lakes and 
streams exceeds this limiting concentration and thus these waters may 
provide an excellent medium for the growth of alg�e if conditions are 
favorable. 
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Most nutrients from rural areas arriving at lakes and streams are 
· first dissolved in the runoff water and then moved in solution. How-
ever, some nutrients may be transported is components of suspended 
particulate matter and later be converted to soluble form. 
Soil, with its natural nutrients, may supply 50 to 75 percent of 
the nitrogen needs of crops. However, increased demands for nitrogen 
imposed by higher yielding crops and generally improved farm practices 
have caused nitrogen fertilizer use to climb almost linearly over the 
past few decades. For example, in the decade from 1953 to 1963 the 
usage of nitrogen fertilizer in� ·eased by almost 250 percent and this 
trend seems to be continuing (12). 
The ammonium and especially the nitrate forms of nitrogen are 
very soluble in water. If these materials are present at the surface 
of the soil (from fertilizer application) at the beginning of a rain, 
tpe first rain that falls will dissolve them and carry them into the 
soil. Consequently, surface runoff occurring later may not contain 
appreciable amounts of soluble nitrogen. 
The lateral movement of nitrate through the soil is influenced by 
soil texture but the concentration of nitrate usually diminishes 200 
to 300 feet from the source (13-181) . Howev�r, under some circumstances, 
the downward movement of ni.trate through the soil ( leaching) may allow 
it to gain entrance into groundwater thus producing a health hazard if 
the concentration is in excess of 45 mg/1 as nitrate nitrogen. The 
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biochemical condition of a baby's stomach reduces nitrate to nitrite, 
as does that of a ruminant which may result in methernoglobinemia 
(blue babies) in infants and death to livestock. Cases of methemo-
globinemia associated with nitrate in groundwater have been reported 
in the Middle West. Field fertilization, barnyards or feedlots, 
sewage or septic tank effluent, and the nitrification process are 
noted as the main sources of nitrate concentrations found in ground-
water (5-8). 
Concentrations of soluble phosphorus in surface runoff are just 
the reverse of the nitrogen system. Application of phosphorus to the 
surface of the soil tends to satu�ate "fixing" sites at the soil sur­
face and locally raise the concentration of phosphorus in the soil 
solution. Runoff water will contact this surface soil, and the 
phosphorus concentration in the runoff water could conceivably approach 
an equilibrium concentration. If phosphorus fertilizers are applied, 
the equilibrium concentration of phosphorus in a thin surface layer 
could reach a concentration of one mg/1 or more and the concentration 
of phosphorus in the runoff water might range up to a few tenths of a 
mg/1 (14-21). Analysis of runoff resulting from a wheat field in'• 
Ohio (2) revealed a mean concentration of phosphorus of 1. 3 mg/1. 
These data were collected over a period of two years during which time 
there were 16 storms producing runoff. 
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Phosphorus is also carried on the eroded soil particles. Most of 
the phosphorus applied as fertilizer becomes so strongly fixed to 
soil particles that almost no. phosphorus moves downward by water per-
colation. Thus, repeated fertilization can build up the level of 
total phosphorus in the upper part of soils to levels that are higher 
than originally present. Analysis of sediment-laden water may show 
10 mg/1 phosphorus; yet the phosphorus in the solution is only 0.01 
mg/1 or less (11-46). The main avenue of phosphorus entry into lakes 
and streams, therefore, is through soil erosion. 
White (15) reported that nutrients removed by major crops in 
the United States in 1965 were about 8. 8 million tons of nitrogen 
(including about 3 million tons fixed in legumes), 2.8 million tons 
of phosphorus, and 5 million tons of potassium. When farm manure and 
legumes are omitted, the amount of nitrogen and potassium added to the 
soils in chemical fertilizers is only about three-fourths that removed 
by crops. For the entire country, more available phosphorus is applied 
to the soil than is removed by cropping. This is significant, as it 
is reported that phosphorus is the contro�ling factor in eutrophication. 
Generally speaking, the quantity of nutrients removed in runo�f 
is closely related to the amount of soil removed where surface soil is 
considered. It has been concluded that factors such as a desirable 
crop rotation, vegetative cove�, and water conservation methods which 
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increase the absorption of rainfall by ·the soil, are essential in 
reducing nutrient losses by runoff to a minimum (16). 
Oxygen Demanding Material - Henderson (17) stated that because of the 
nearly complete lack of attention that has been paid to organic 
pollution from farm animal and plant wastes in surface runoff, limited 
data are cited concerning the actual BOD contribution of agricultural 
land drainage. Organic wastes resulting from agricultural operations 
are readily attacked by aerobic bacteria to reduce them to more stable 
compounds. A two-year study of the runoff from an Ohio wheat field 
revealed that the mean 5-day BOD was 2. 9 mg/1 (2). A 5-day BOD of 
three mg/1 represents quite cleari water with respect to organic content. 
If farm practices are maintained to keep plant residue wastes at 
a minimum, the oxygen demand of the runoff containing these residues 
may be relatively low. By contrast, if these residues are not proper­
ly handled, runoff containing these residues may seriously or completely 
deplete the oxygen content of the receiving body of water. 
Fecal Organisms - The presence of fecal material in water is obviously 
undesirable, both from the standpoint of danger of infection and tor 
purely esthetic reasons. Since rain falling to the earth contains 
insignificant bacterial contamination, the major contamination of this 
water, if it is contaminated, must then occur on _contact with the land 
environment (18). However, because most agricultural land is inhabited 
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by warm-blooded animals of one form or another, the presence of fecal 
bacteria in runoff from this land seems inherent. Land area, there­
fore, may contribute fluctuating densities of fecal contamination to 
the runoff, the amount being related to the intensity and frequency 
of soil contamination. 
For every typhoid bacillus or other pathogen (e. g. , Entamoeba 
histolytica, or viruses of polio or hepatitis) in polluted water, 
there are usually millions of coliform organisms or fecal strepto-
cocci present and therefore either coliform or streptococcus organisms 
may serve as indicators of fecal pollution (19-442). The s�rvival of 
pollution indicators and any associated intestinal pathogens and their 
possible transfer in storm-water runoff is related to many factors. 
Some of these factors include sunlight, exposure to the soil, tern-
perature, frequency of rainfall, soil moisture, soil pH, organic 
matter, frequency of recontamination of the soil, and the presence of 
competing or antagonistic organisms in the soil environment (18). 
The survival time of indicator organisms in the runoff is also 
of significance. The fecal streptococci seem unable to multiply 
significantly in open water and they do not survive long (19-4 42) . .  
Their presence in considerable numbers in water, therefore, suggests 
relatively recent pollution. The coliforms are able to multiply to 
some extent in open waters and they may survive for weeks or months 
depending on conditions in the water (19-442). 
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In a study conducted in Coshocton, Ohio, the microbial densities 
_  of the runoff from five watersheds used for agricultural purposes were 
measured (2). Some of the watersheds yielded runoff that exceeded the 
predominant bathing water criterion of 1, 000 coliform organisms per 
100 ml in 90 percent of the samples. Fifty percent of the samples 
from every watershed exceed this criterion. The fecal streptococci 
exceeded the fecal coliform organisms and thus it was concluded that 
the source of pollution was from animals rather than from humans (2). 
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DESCRIPTION OF THE AREA 
The drainage basin selected for this investigation is located on 
the James Christophersen farm, approximately four miles north of 
Brookings on Section 36 of Sterling Township and adjacent to Highway 
77. This drainage basin is one of 80 small drainage basins throughout 
the state which the South Dakota Department of Highways and the United 
States Geological Survey are studying jointly in a project entitled, 
"Investigation and Analysis of Flood Hydrographs from Small Drainage 
Basins in South Dakota". For this joint project, each drainage basin 
is to be instrumented with.a digital stage-recorder and a digital 
rainfall-recorder for determining rainfall and runoff characteristics. 
The recorders for this particular basin are located upstream from a 
4 ft wide x 3 ft high concrete box culvert which conveys the runoff 
under Highway 77 as it flows from the drainage basin. However, these 
digital recorders were inoperative during snowmelt runoff and they 
were destroyed in mid-May as the result of a car accident. The re-
corders were not replaced until mid-July, and because the last runoff 
occurred on June 25, the digital recorders were not used during the 
investigation. 
The drainage basin possessed two assets of prime importance; the 
runoff was almost exclusively from cultivated ground, and the runoff 
drained to one location that was convenient for sampling. Figure 1 
Point of 
Sampling 
N 
at 4 ft wide 
x 3 ft high 
culvert 
a • 
To Brookings 
Section 36, Sterling Township 
•■ TlllN, R50W 
Highway 77  
Basin Area = 
0. 27 sq. mi. 
Figure 1. Schematic diagram of the drainage basin showing 
location and drainage pattern. 
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is a sketch of the basin layout showing the drainage pattern and the 
. point of sampling. The area of the drainage basin is 0. 27 square 
mile or approximately 1 73 acres. 1 The·soil on the drainage basin is 
a combination of Vienna and Kransburg loam and Brookings silty clay 
loam (20). Upon leaving the drainage basin, the runoff flowed through 
the 4 ft wide x 3 ft high concrete box culvert and into a small 
pasture west of Highway 77. 
According to James Christophersen, owner and operator of the land 
on which the drainage basin is located, the basin has been under 
cultivation for several years. During this period, the practic� of 
crop rotation has been followed. In the fall of 1968, the basin was 
grazed for about three weeks with approximately 60 head of dairy 
cattle. Manure resulting from the dairy operation was spread on the 
ground throughout the winter and in the spring of 1969. 
For the growing season of 1969, the area on which the drainage 
basin is located was seeded as illustrated in Figure 2. The field in 
which the oats were planted was disked and seeded in mid-April. Prior 
to planting, 100 lbs per acre of 29-14-0 nitrogen-phosphorus com-
bination fertilizer was applied to this area. The field in which the 
corn was planted was chisled in the fall of 1968 and Buffalo-tilled 
in the spring of 1969. After it was Buffalo-tilled, this area was 
1obtained in a personal interview with Larry Becker of the United 
States Geological Survey, Huron, South Dakota. 
Highway 77 
Alfalfa 
a 
oa 
oe E3 t3 
oaove 
■ ■ 
0 0 
Unseeded Area 
Oats 
N 
Figure 2. Schematic diagram delineating the drainage basin 
and showing crops planted during the g�owing 
season of 1969. 
17 
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fertilized with 100 lbs per acre of anhydrous ammonia fertilizer. At 
the time of planting, mid-May, 70 lbs per acre of 33-16-0 nitrogen-
phosphorus fertilizer was applied to this area. The field in which 
the flax was planted was plowed in the fall of 1968 and seeded in mid-
May. The area illustrated in Figure 2 as "unseeded" was not seeded 
because the extremely wet spring of 1969 made it impossible to work 
this area at the time the oats were planted. 
Approximately 75 percent of the oat acreage was cut for 
silage in early-August and the remainder was harvested with a combine 
and the straw was retµrned to the ground. The ground on which the 
oats were planted was chisled after harvest. A small portion of the 
corn was cut for silage in early-September and the remainder was picked 
in early-October. The flax was combined in August, and this ground 
was plowed in early-October. 
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EXPERIMENTAL PROCEDURE 
This investigation was conducted in two main phases in order to 
achieve the major objectives. The first phase was the collection and 
analysis of snowrnelt runoff samples. The second phase was the 
collection and analysis of rainfall runoff samples. The information 
obtained in the two phases_ of the investigation was used to evaluate 
the characteristics of the runoff from the small drainage basin. 
Upon leaving the drainage basin, the runoff flow passed through 
a 4 ft wide x 3 ft high concrete box culvert. The location of this 
culvert relative to the drainage basin is illustrated in Figure· 1. 
Samples of r�noff from the drainage basin were obtained at the inlet 
to this culvert. Because the digital stage-recorder for this par­
ticular drainage basin was inoperative at the time of snowrnelt runoff, 
individual readings of stage were taken when each grab sample of 
snowmelt runoff was obtained. Because the stage recorder was de-
strayed in mid-May as the result of a car accident, measurements of 
depth of flow at the inlet of the culvert were made with a ruler 
during each runoff period that resulted from rainfall. These flow 
data are tabulated in Appendix I. 
Grab samples of snowrnelt runoff were collected three and four 
times per day throughout the runoff period which lasted seven days. 
These grab samples were composited daily according to depth of flow 
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and each composite sample represented one day of snowmelt runoff. 
Immediately after sampling, measurements of pH and specific conductance 
were made and then the samples were frozen for analysis at a later date. 
For freezing, the samples were placed in plastic bags inside one-half 
gallon paper containers and placed in a deep freeze. The samples 
remained frozen until early-August when they were removed from the 
deep freeze for further analysis. - The thawing technique involved 
placing the samples at room temperature<± 25 °c) and allowing them 
to reach this temperature before analyzing. Analyses on these 
samples were conducted in duplicate. The data for snowmelt yunoff are 
tabulated in Appendix II. 
The second phase of the investigation involved the collection and 
analysis of rainfall runoff samples. Grab samples were collected 
throughout the runoff period following each rain that produced runoff. 
These samples were refrigerated in the Water Quality laboratory on the 
campus of South Dakota State University. Analyses on these samples 
were_ conducted within 72 hours of collection. The grab samples 
resulting from each rain that produced runoff were composited 
according to depth of flow and each composite sample represented the 
runoff that occurred from one particular rain. Individual grab sam-
ples resulting from the first summer rain (June 17) that produced 
runoff were analyzed to determine any trends that may have been present. 
The data for this rain are tabulated in Appendix II. Analyses on the 
-
composite samples of rainfall runoff were conducted in duplicate. 
These data are tabulated in Appendix II. 
Each grab sample of snowrnelt runoff and rainfall runoff was 
analyzed for suspended solids to determine any trends that may have 
been present. The results of these analyses are presented and dis­
cussed in detail in a subsequent section. 
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Analyses of both the snowrnelt runoff samples and the rainfall 
runoff samples included the determination of biochemical oxygen 
demand (BOD), chemical oxygen demand (COD), total solids, suspended 
solids, volatile suspended solids, total Kjeldahl nitrogen, .and 
soluble phosphorus. All analyse� were conducted as outlined in the 
twelfth edition of Standard Methods (21) with the exception of sus­
pended solids and volatile suspended solids determinations. These 
were determined by using glass fiber filters according to a procedure 
reported by Wyckoff (22). 
In order to evaluate the effectiveness of solids separation as 
a means of waste reduction in the runoff, all samples of rainfall 
runoff were centrifuged and determinations of suspended solids, BOD, 
COD, and total Kjeldahl nitrogen were made on these samples. The' 
centrifugation procedure involved centrifuging the samples at 4500 
rpm for 30 minutes using an.International Equipment Company centrifuge, 
Size 2, Model K. The above l�boratory determinations were conducted 
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in the Water Quality Laboratory located on the campus of South Dakota 
State University. 
Seven bacteriological samples were taken throughout the runoff 
period which resulted from one summer rainstorm. These samples were 
submitted to the Bacteriology Department of South Dakota State 
University for analysis. The analyses included the determination of 
the most probable number (MPN·- organisms/100 ml) of total coliform, 
fecal coliform, and fecal streptococci. The results of these analyses 
are presented and discussed in detail in a subsequent section. 
It was intended that the measurements of depth of runof_f flow 
at the inlet of the 4 ft wide x 3 ft high culvert (Appendix I) would 
be used to estimate the quantity of runoff flow resulting from both 
snowmelt and rainfall. In order to estimate the quantity of flow from 
these measurements, a rating curve (flow vs depth) would be required. 
Although several measurements of flow have been made at various depths 
in order to develop a rating curve for this particular culvert, 
sufficient information has not been obtained. 
Once a rating curve for this culvert is obtained, it is suggested 
that the volume of runoff resulting from the drainage basin during this 
investigation be calculated. These flow data and the concentrations of 
the various parameters for �ach runoff period, snowmelt and rainfall, 
could be used to calculate the weight of the various materials that 
were removed from the drainage basin during this investigation. 
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Considering the total acr.eage of the basin, t.he amount of material 
removed through runoff could then be expressed in terms of 
lbs/acre/season or tons/acre/season. 
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PRESENTATION AND DISCUSSION OF DATA 
Precipitation Data 
Because this investigation involved the analysis of runoff from 
a drainage basin, the amount of precipitation received at the drainage 
basin was of interest. During the winter of 1968-1969, the Brookings 
area received 72. 5 inches of snow-fall. 2 At the beginning of snowrnelt 
runoff, April 5, a water equivalent of 5. 6 inches of precipitation 
was present on the drainage basin.2 Snowrnelt runoff began at 12:30 
PM on April 5 and ceased at approximately 8 PM on April 11, 1969. 
It was initially thought that data concerning rainfall precipi-
tation received at the official weather station at South Dakota State 
University could be used to estimate the amount of precipitation re-
ceived at the drainage basin. This station is located approximately 
three and one-half miles from the drainage basin. In early-June it 
became evident that this method of estimation was not entirely 
adequate because the amount of precipitation received throughout the 
area was not uniform. A "Tru-Chek" rain gauge located on the south-
east edge of the drainage basin was then used to estimate the pre-
cipitation received at the drainage basin. This rain gauge had been 
installed by the U. S. Geological Survey and a layer of oil had been 
2obtained in a personal interview with Walter S. Spuhler, State 
Climatologist, Environmental Science Services Administration, South 
Dakota State University. 
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placed in it to prevent evaporation of precipitation received. Marks 
_left on the gauge by this oil were used to estimate the rainfall re­
ceived at the drainage basin in early-June. Direct readings of rain­
fall received at the drainage basin were made from this gauge until 
late-June. On June 30, a rainfall recorder equipped with an 8-day 
clock was placed on the southeast edge of the drainage basin. This 
recorder not only measured the amount of rainfall received, but it 
also enabled one to compute the intensity of each individual rainfall. 
This recorder was used for the measurement of precipitation through- . 
out the remainder of the investigation. 
Table 1 lists the rainfall received at the S. D. S. U. station and 
that received at the drainage basin for the months June through 
October. Also listed is the rainfall received at the S. D. S. U. 
station during the months of April and May when measurements of pre-
cipitation were not made at the drainage basin. Generally, there is 
no appreciable difference between the amount of precipitation re­
ceived at the drainage basin and that received at the S. D. S. U. station. 
In Table 1, rainfall is recorded as that received from 7 AM on the 
previous day to 7 AM on the day of record which is the method of 
recording the date of rainfall that is employed by the Environmental 
Science Services Administration. Therefore, the dates when runoff 
actually occurred do not correspond with the dates of record of the 
respective rains that produced runoff as recorded in Table 1. 
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Table 1. Measurements of the Precipitation Received at the Official 
Weather Station at S. D. S. U. and the Precipitation Received at 
the Drainage Basin Throughout the Period of Investigation 
Day 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 -- -
Tot. 
Apr. Mav 
SDSU SDSU 
. 10 
.41 
.68 
.41 
.17 
. 05 
. 61 b 
.18 
.11 
.03 
. 01 
. 05 
.05 
. 25 
. 43 
. 13 
. 21 
. 06 
. 10 
-- --
1. 02 3. 02 
Precipitation in Inches 
June 
SDSU 
.14 
.06 
.10 
.97 
. 39 
. 73 
. 02 
. 06 
2. 50 
.28 
. 17 
.35 
1. 28 
. 15 
- - -
7. 20 
Dr. 
Bas. 
. 15c 
. 05c 
• l
Oc 
. 80a 
. 40a 
. 70t 
T 
. 05 
1. 45 
. 30 
. 20 
. 37 
l.28
t 
�20 
--
6. 05 
Julv 
Dr. 
SDSU Bas. 
.17 .16 
-
-
. 10 . 10 
.34 . 35 
. 02 T 
.29 .31 
.08 .08 
. 82 1. 15 
. 12 . 15 
1. 47 . 80 
. 03 . 03 
. 04 . 04 
-- --
3. 48 3. 17 
Aueust 
Dr. 
SDSU Bas. 
.18 .15 
.11 .16 
. 63 . 57 
. 04 . 02 
. 53 . 54 -- --
1. 49 1. 44 
Seut. 
SDSU 
.35 
.47 
. 01 
.49 
- - -
1. 32 
Dr. 
Bas. 
.30 
. 50 
T 
. 55 
-- -
1. 35 
Oct. 
Dr. 
SDSU Bas. 
.01 · T 
1. 45 1.82 
.08 .10 
. 02 T 
.15 . 25 
.06 . 05 
. 10 . 16 
. 30 .42 - ---
2 . 17 2. 80 
Note: "SDSU" denotes S. D. S. U. Official Weather Station and 
"Dr. Bas. " denotes drainage basin. 
aEstimated from oil marks on "Tru-Chek" rain gauge. 
b Rainfall producing runoff from the drainage basin. 
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During the period of study, the drainage basin received rainfall 
on 61 days. However, only four rains were of sufficient intensity and 
duration to produce surface runoff from the drainage basin. The first 
occurred on April 8 during snowmelt runoff. The second rain that 
produced runoff occurred on June 17, and the third and fourth occurred 
on June 25. 
On June 17, the drain�ge basin received 0. 70 inch of precip i.ta-
tion at an estimated intensity of 1. 8 inches per hour. On June 25 
during the . first rain, the drainage basin received 0. 35 inch of pre-
cipitation at an estimated intensity of 2. 1 inches per hour -an� during 
the second rain, the drainage basin received 0. 93 inch of precipita-
tion at a calculated intensity of 3. 72 inches per hour. 
Figure 3 illustrates the drainage basin when runoff was at the 
peak following the second rain occurring on June 25. Figure 4 il-
lustrates the same view after runoff had ceased. Figure 5 illustrates 
the peak runoff flow as it leaves the 4 ft x 3 ft box culvert located 
on the edge of the drainage basin. The darkness of the runoff water 
is indicative of the presence of suspended solids in the runoff water. 
Figure 6 illustrates the same view as Figure 5, but after the runoff 
had ceased. 
The rains that produced surface runoff from the drainage ba�in 
were of high intensity and of_ short duration. Low intensity rainfall 
of long duration (e. g. , June 22, July 19, and October 5) failed to 
Figure 3 .  View of the drainage bas in 
( looking southeast )  during 
the peak runoff flow that 
occurred after the second 
rainfall on June 25 , 1969 . 
Figure 4 .  The same view a s  Figure 3 
after cessation of runoff 
on June 25 , 1969 . 
t\) 
00 
Figure 5. View of the peak runoff flow that occurred after 
the second rainfall on June 25, 1969, as it leaves 
the 4 ft wide x 3 ft high box culvert located on 
the edge of the drainage basin. 
Figure 6. The same view as Figure 5 after runoff had ceased 
on June 25, 1969. 
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produce sur face runoff fr om the basin. From observations of  the 
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runoff-producing rains that occurred , the time of concentration of  the 
drainage basin was estimated to be from 120 to 140 minutes. 
Waste Characteristics of Snowmelt and Rainfall Runof f  
Mean values of concentrations of the waste characteristics of  
the runo ff for the various runoff conditions appear in Table 2 .  The 
values for snowmelt runof f represent the mean values obtained from 
the analysis of six composite samples , each sample being the combi­
nation of three or four grab samples and each composite sample rep-
resenting one day of snowmelt runoff. The values for snowmelt plus 
rainfall runoff represent the values obtained from the analysi s of 
one composite sample, this sample being the combination of  three grab 
samples and representing one day of runoff. The values for rainfall 
runoff represent the mean values obtained from the analysis of three 
composite samples , each sample representing the runoff from one rain 
and each sample being the combination of several grab samples obtained 
thr oughout the runoff period. 
Examination of the data concerning the waste characteristics ' of 
snowrnelt runoff (Appendix I I) reveals that nearly all of the parameters 
were at their maximum concentrations on the first day o f  snowmelt run-
off. It is believed that as the snow began to melt, small rivulets 
or channels were formed through which the runoff flowed. I n  the 
formation of  these small rivulets, the runoff flow scoured particles 
3 1 . 
Table 2. Mean, M in imum, and Maximum Concentrations 
of Constituents in Runoff from the Small 
Agricultural Drainage Basin 
Determ ination 
B iochemical 
Oxygen Demand 
( 5-day) 
Chem ical 
Oxygen Demand 
Total Solids 
Suspended Solids 
Volatile 
Suspended 
Solids 
Total Kjeldahl 
Nitrogen 
Soluble 
Phosphorus 
Total Number 
of Composite 
Samples 
Mean Concentration (mg/1) 
Snowmelt 
Runoff 
5 .  7 * _ ( 0 . 9-17 ) 
52 
(22-12 6 )  
303 
061 -588 ) 
91 
( 17-174 ) 
25 
( 7-46 ) 
3 . 2  
(1 . 3-8 . 1 )  
1 . 00 
( 0 . 2 6-2 . 40 )  
6 
Snowmelt plus 
Rainfall Runoff 
30 
152 
2, 442 
2, 170 
372 
8 . 0  
1 
Rainfall 
Runoff 
8 . 1  * 
( q . 0- 10 . 4 )  
357 
( 1:46-517 ) 
5, 124 
( 3, 692-7 , 850 ) 
4, 968 
( 3, 545-7, 780 ) 
767 
( 575-975 ) 
1 6 . 6  
( 12 . 1 -20 . 3 )  
0 . 51 
( 0 . 28-0 . 83) 
3 
* 
Note : Values in parenthesis are minimum and maximum concen-
trations for composite samples. 
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from the soil complex and transported them in the runoff thus account-
ing for the high concentrations of the various parameters measured. 
Once these rivulets were established , scouring was decreased and sub-
sequently lower concentrations of the parameters were measured. 
The mean value representing biochemical oxygen demand (BOD) of 
the runoff from the drainage basin was relatively low during the 
snowmelt runoff period. However, the rain that occurred during 
snowmelt produced runoff that exhibited a significantly higher BOD. 
Plant residues resulting from the previous growing season were 
probably present on the drainage basin. Also, organic matt�r in the 
form of manure had been applied to the drainage basin throughout the 
winter. Due to the low temperatures experienced throughout the wi nter, 
bacterial decomposition of this organic matter was probably slight. 
The increased velocity imparted into the snowmelt runoff flow by the 
intensity of the rainfall probably loosened some of this organic matter 
and it was transported in the runoff. Thus , the BOD of this runoff 
was higher than that of only snowmelt runoff. Manure was also applied 
to the drainage basin after snowmelt runoff. However, the next rain 
producing surface runoff did not occur until June 1 7, after planting , 
and bacterial decomposition of a portion of this organic matter had 
probably taken place and thus the BOD of rainfall runoff was also 
relatively low. 
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For snowrnelt runoff, the suspended solids content was approxi-
- mately equal to one-third of the total solids content. However, for 
runoff occurring as the result of rainfall, suspended solids were in 
excess of 90 percent of the total solids. In rainfall runoff, the 
volatile suspended solids equaled less than 20 percent of the sus­
pended solids. This supports the low BOD values already mentioned 
thus indicating the low organic content of rainfall runoff. It also 
signifies that a major portion of the solids removed from the 
drainage basin in runoff were in the form of non-combustible residue, 
probably soil particles. The suspended solids content of the runoff 
from rainfall would be considered to be quite high as the suspended 
solids content of strong domestic sewage is approximately 500 mg/1 
( 23-341). 
It was noted that as the intensity of a rain increased, the 
solids content of the runoff also increased. For example, on June 
25, 1969, a 2. 1 inch per hour rainfall intensity produced a peak 
suspended solids concentration of approximately 12, 000 mg/1 whereas 
a rainfall intensity of 3. 72 inches per hour produced a peak sus­
pended solids concentration of approximately 30, 000 mg/1. A 
concentration of 30, 000 mg/1 represents approximately 3 percent sus­
pended solids. 
The nutrient (nitrogen and phosphorus) content of the runoff was 
appreciable during all periods of runoff. The nitrogen content of 
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the runoff was measured in terms of total Kjeldahl nitrogen. The 
mean nitrogen content of snowmelt runoff was quite low (3. 2 mg/1). 
However, the mean nitrogen content of the snowmelt plus rainfall 
runoff was 8. 0 mg/I and that of the runoff from rainfal l was 16. 6 
mg/1. 
Because fertilizer containing available nitrogen was applied to 
the drainage basin in the spring, the question arises as to whether 
or not applied nitrogen was lost through runoff. Studies (15) (24) 
have indicated that nitrogen lost through runoff may originate from 
the natural soil complex rather than from fertilizer application. 
Thus, the increased concentration of nitrogen in rainfall runoff may 
be due to the increased soil loss resulting from the high intensity 
rainfall and not necessarily as a result of the fertilizer application. 
The soluble phosphorus concentrations in the runoff water during 
all three runoff conditions were adequate to promote eutrophication 
under favorable conditions. In fact, all concentr�tions were far in 
exce�s of the concentrations which permit profuse growth of algae 
when under quiescent conditions with adequate sunlight. The mean 
concentrations of soluble phosphorus in the runoff water from snowmelt 
and from snowmelt plus rainfall were equal to approximately twice . �he 
mean concentration of soluble phosphorus present in the rainfall run­
off water. The lower concentration of phosphorus present in the 
rainfall runoff as compared to the concentrations in the s�owmelt 
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runoff was unusual as this trend was not noted for any of the other 
parameters measured. 
A review of literature (25) (26) revealed that the natural 
freezing process may contribute increased concentrations of certain 
materials to a solution. The freezing of plant cells results in the 
dehydration of the cells. Intercellular ice may rupture cell 
membranes thus releasing concentrated solutes which have been formed 
in the dehydration process. Any material present in the cell may gain 
entrance into solution in this manner. Thus, the higher concentrations 
of soluble phosphorus present in snowrnelt runoff may be due �o the 
natural freezing process prior to runoff. 
The amount of soil particles transported in rainfall runoff was 
significantly higher than the amount of soil particles transported in 
snowrnelt runoff. Since phosphorus has a tremendous affinity for soil 
particles, the reduced concentrations of soluble phosphorus in rainfall 
runoff may be the result of adsorption of the phosphorus on the in-
creased soil concentrations. 
Suspended Solids Variation 
Each grab sample of runoff resulting from snowrnelt was analyzed 
for suspended solids content. Figure 7 illustrates the variation of 
suspended solids and the depth of flow in snowrnelt runoff. A diurnal 
variation of flow and concentration is noted during the first three 
days of runoff. It is hypothesized that small rivulets or channels 
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through which the runoff flowed were formed dur ing the process of 
snowmelt. Higher temperatures during the daylight hours resulted in 
a higher runoff flow. The increased velocity resulting from the 
higher flow caused the particles present in the small rivulets to be 
scoured and transported in the runoff. Decreased temperatures during 
the night resulted in a lower runoff flow and hence the amount of 
particles transported in th� runoff was decreased. 
On the fourth day of snowme-lt runoff the drainage basin received 
0. 61 inch of precipitation in the form of rainfall and the suspended 
solids concentration present in the runoff was quite . high. ·Because 
the drainage basin was covered with snow at this time, it is believed 
that the increased concentration of suspended solids in the runoff 
was not caused by the loosening of the soil particles by the raindrops 
but rather by the energy which resulted from the increased velocity 
of flow. The soil particles were probably scoured from these small 
rivulets and transported in the runoff which resulted in a very high 
suspended solids concentration. By the fifth day of runoff, the sus­
pended solids content of the runoff was very low. This may be because 
the runoff resulting from the rainfall received on the previous day 
scoured a major portion of the particles from the small rivulets and 
thus runoff occurring later transported a very small amount of sus-
pended solids. 
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On the sixth day of snowmelt runoff the suspended solids content 
in the runoff began to increase. This trend continued until the 
completion of snowmelt runoff on the seventh day. An increase in the 
concentrations of nearly all parameters measured was noted during the 
last day of runoff (See Appendix II). By the middle of the sixth day 
of runoff, only patches of snow were visible on the drainage basin. 
The increase in the concentrations of the parameters measured, in­
cluding suspended solids, may have resulted from the formation of 
additional small rivulets or channels as these patches melted. As 
the rivulets were formed, the runoff flow probably picked up material 
from the exposed soil and transported it from the drainage basin 
resulting in increased concentrations of the various parameters 
measured. 
As with snowmelt runoff samples, each individual grab sample 
of runoff resulting from rainfall was analyzed for suspended solids 
content. Figure 8 illustrates the suspended solids content of runoff 
and the depth of flow at the inlet of the culvert during the runoff 
periods resulting from the three rains producing surface runoff. As 
was noted with snowmelt, the suspended solids content of rainfall 
runoff was observed to have been greatest when the runoff flow was 
the greatest (See Figure 8). 
The second rain occurrin� on June 25 was of very high intensity 
(3. 72 inches per hour). The action of the raindrpps and the high 
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velocity of the runoff flow loosened soil_ particles present on the 
drainage basin and, consequently, the suspended solids concentrations 
in the runoff were very high. At the greatest runoff flow (See Figure 
5), the suspended solids concentration in the runoff was approximately 
30, 000 mg/1 (three percent of the runoff was in the form of suspended 
solids). Fifteen minutes later the suspended solids concentration 
in th� runoff was approximately 12, 000 mg/1. The flow of runoff from 
the drainage .basin was considerable as the 4 ft wide x 3 ft high box 
culvert ran full during this 15 minute period. Because approximately 
80 percent of the suspended solids was in the form of non-cqmbustible 
residue, the high concentrations coupled with the high flow represented 
an extremely high soil loss from the drainage basin during the first 
15 minutes of runoff. Soil loss continued to be high during the re­
mainder of the runoff period. 
If it is assumed that 50 percent of the precipitation received 
during the second rainfall on June 25 flowed from the drainage basin, 
2. 18 million gallons of runoff would have resulted. This volume of 
runoff would have resulted in the removal of approximately 62 tons 
(720 lbs/acre) of soil from the drainage basin. 
The culvert may have acted as an important pollution control 
device in that it retarded the rate of flow from the drainage basin. 
This probably allowed some of the suspended matter present in the 
runoff to settle before this water left the drainage basin. 
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Microbial Densities in Rainfall Runoff 
Seven bacteriological samples were taken throughout the runoff 
period after the second rainfall on June 25. These samples were 
submitted to the Bacteriology Department at South Dakota State 
University for total coliform, fecal coliform, and fecal streptococci 
determinations. The results of these analyses appear in Table 3. The 
National Technical Advisory Committee (27-20) suggests a desirable 
surface water criteria for public water supplies of less than 20 fecal 
coliform organisms per 100 ml of sample. Referring to Table 3, the 
extremely high bacterial counts suggest that runoff from this par-
ticular drainage basin may be a significant source of the tra�spor-
tation of bacteriological pollution. 
In all but one sample, the number of fecal streptococci exceeded 
the number of fecal coliform organisms. This may indicate that the 
source of pollution was from animals rather than from humans. The 
high bacteriological densities are probably a result of the drainage 
basin having received considerable manure. 
Solids Separation as a Means of Waste Reduction 
One objective of this investigation was to evaluate the effect 
of solids separation on the characteristics of the runoff. Because 
suspended solids removal is an important feature of a retention 
system, an indication of the . degree of waste reduction which could 
. Table 3. MPN (organisms/100 ml ) in Rainfall Runoff 
Occurring after the Second Rainfall Received 
on June 25, 1969 
. MPN - organisms/100 ml 
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Time from 
Beginning of 
Runoff 
(minutes) Total 
Coliform 
Fecal 
Coliform 
Fecal 
Streptococcus 
0 23, 000 7, 900 240, 000 
10 2·, 300, 000 2, 300, 000 24, 000, 000 
25 490, 000 490, 000 3, 480, 000 
55 330, 000 330, 000 79, 000 
155 2, 400, 000 330, 000 2, 400, 000 
160 79, 000 5, 000 130, 000 
190 130, 000 800 240, 000 
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be obtained through settling is desirable. In this investigation, 
suspended solids concentrations in the runoff were reduced by 
centrifugation. It was assumed that this procedure would approximate 
the effect of solids settling in a retention system. 
Determinations of suspended solids, BOD, COD, and total Kjeldahl 
nitrogen were made on the centrifuged samples of rainfall runoff. The 
centrifugation procedure resulted in the almost complete reduction of 
suspended solids and BOD in the _samples. Analysis of the samples for 
COD revealed an average reduction of 72 percent; but 100re significant, 
regardless of the initial COD concentration, the centrifugation pro­
cedure reduced the COD to a uniform minimum value of about 40 mg/1. 
The analysis of the original and centrifuged samples for total 
Kjeldahl nitrogen produced essentially the same results that were noted 
with COD ; that is, an average reduction of 83 percent but regardless 
of the initial concent�ation of nitrogen, the centrifugation pro­
cedure reduced the nitrogen present in the samples to a rather uniform 
minimum value of approximately 1. 4 mg/1. These data are tabulated in 
Appendix III. 
By allowing suspended solids to settle, the concentrations of 
materials present in the runoff from agricultural lands may be par-
tially reduced. This illustrates that by employing a method or 
methods of retaining the runoff water on the land for a sufficient 
amount of time to allow some of the suspended mat_ter to settle, the 
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pollutional characteristics of the runoff water may be substantially 
reduced. 
Evaluation of the Pollution Potential of the Drainage Basin 
Throughout the year, 1969, runoff from this drainage basin 
occurred on only nine days. The snowrnelt runoff period accounted for 
seven of these days. Although rainfall occurred on 61 days through­
out this investigation, ra1nfall runoff occurred on only two days 
after the completion of snowrnelt. Because runoff from this particular 
drainage basin did not gain direct access to any stream or receiving 
body of water, it is believed that this basin did not contribute to 
significant water pollution during this investigation. However, as 
the runoff left the drainage basin , it possessed characteristics or 
waste concentrations which could contribute to significant water 
pollution if it reached a receiving body of water, particularly a 
lake. 
Due to the extremely wet spring that was experienced in 1969, 
the operator of the land which contained the drainage basin was not 
able to seed a small portion ( 1 to 2 acres ) located at the point 
where the runoff flow collected before it left the drainage basin. 
As soon as it was practical, the operator chisled this small are� but 
did not seed it. Throughout the growing season, this unseeded area 
was periodically chis led. . If is believed that this procedure acted 
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as a pollution control measure in that there were numerous rains 
throughout the gro�ing season that produced runoff which reached this 
chisled area, but did not leave the drainage basin . Instead , �he 
water percolated into the ground . Such a technique may have appli-
cations which not only serve as soil and water conservation measures 
which benefit agriculture, but which also aid in water pollution con-
trol. 
It is believed that proper land management may be the major 
deterrent of material loss from agricultural lands through runoff . 
Crop rotation , strip-cropping, contour cultivation , mulch planting , 
and terracing may be methods which could be implemented to decrease 
this material los s . 
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SUMMARY AND CONCLUS IONS 
Analysis of the data obtained during this investigation led to 
the following conclusions: 
1. Throughout the period of investigation, relatively low, 
although significant concentrations of nitrogen, phosphorus, 
and BOD were present in the runoff from the drainage basin ; 
whereas, high concentrations of total and suspended solids 
(in the form of soil particles) were present in the runoff 
from the drainage basin. A solids concentration in excess 
of three percent was determined at the time of peak runoff. 
2. Throughout the period of investigation, a full runoff season, 
rainfall was received on 61 days but only four rains were of 
sufficient intensity and duration to cause surface runoff 
from the drainage basin. 
3. The concentrations of total and suspended solids in the run­
off were observed to vary in relation to the depth of flow 
of runoff from the drainage basin. 
4. For a single rainstorm it was found that the runoff contained 
extremely high concentrations of coliform and streptococ�us 
organisms. Thus, runoff from agricultural lands may be a 
source of transportation of bacteriological pollution. 
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5. The solids separation procedure was effective in reducing 
the concentrations of materials present in the runoff 
samples. Consequently, the retention of runoff and the sub­
sequent settling on the drainage basin for a period of time 
may provide some reduction of sediment and associated organic 
or nutrient concentrations. 
AREAS FOR FUTURE STUDY 
1. An extensive study of the quality and amount of surface 
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runoff emanating from several drainage basins located in 
South Dakota would provide useful information concerning 
the pollution potential of agricultural lands under varying 
precipitation conditions· and various surface conditions of 
grazing, cultivation, fertilization, and pesticide 
application. 
2. An extensive study of the first portion of runoff from a 
rainstorm would be of considerable value in determining 
the characteristics of rainfall runoff from agricultural 
lands. It is . suggested that samples be obtained at one or 
two minute intervals during the first 30 minutes of runoff. 
3. A study of the influence of culverts in causing sediment 
deposition on agricultural lands might provide very 
beneficial information relating to the design and placement 
of highway culverts as a soil conservation practice. 
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APPEND IX I 
Date 
April 5 
" 
April 6 
" 
" 
" 
April 7 
" 
" 
April 8 
" 
" 
" 
April 9 
" 
" 
April 10 
" 
" 
April 11 
Depth of Snowmelt Runoff at the Inlet 
of the 4 ft wide x 3 ft high Concrete Culvert 
Time 
1 : 30 PM 
6 : 00 PM 
8 : 00 AM 
1 : 00 PM 
6 : 00 PM 
11 : 00 PM 
8 : 00 AM 
1 : 00 PM 
6 : 00 PM 
11 : 00 PM 
9 : 00 AM 
. 1 : 00 PM 
6 : 00 PM 
11 : 00 PM 
7 : 30 AM 
2 : 30 PM 
8 : 30 PM 
8 : 00 AM 
2 : 00 PM 
8 : 00 PM 
6 : 00 PM 
* Depth of Flow 
Inches 
16. 7 
15. 5 
11. 9  
13. 6 
16. 7 
13. 1 
13. 6 
16. 1 
20. 0 
14. 0 
54. o** 
13. 1 
10. 3 
8. 3 
8. 3 
6. 9 
6. 5 
5. 9 
6. 5 
6. 5 
5. 3 
· Feet 
1. 39 
- 1. 29 
0. 99 
1. 14 
1. 39 
1. 09 
1. 14 
1. 34 
1. 67 
1. 17 
4. so** 
1. 09 
0. 86 
0. 69 
0. 69 
0. 58 
0. 54 
0. 49 
0. 54 
0. 54 
0. 44 
* Depth at upstream invert of culvert. 
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** Result of 0. 61 inch of rainfall received at approximately 8 AM. 
Note : Runoff began at approximately 12:30 PM on April 5 and ended 
at approximately 8 PM on April 11, 1969. When the runoff 
had ceased, 5 inches of water remained in the culvert. 
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Depth of Rainfall Runoff at the Inlet of the 
4 ft wide x 3 ft high Concrete Culvert 
Time from Dept� of Flow 
Beginning 
of Runoff June 17 June 25 June 25 
( minutes )  Rainfal l Rainfall  I Rainfall II 
in . ft . in . ft . in. ft . 
5 10 . 2  0 . 85 6 . 8  0 . 57 42 . 0  3 . 50 
10 11 . 1  0 . 93 10 . 0  0 . 83 
1 5  11 . 8  0 . 98 10 . 1  0 . 84 
20 11 . 6  0 . 97 10 . 3  0 . 86 45 . 0  3. 75 
25 11 . 2  0 . 93 10 . 3  0 . 86 
30 11 . 0  0 . 92 10 . 0  0 . 83 
35 10 . 6  0 . 88 10 . 0  0 . 83 35 . 5  2 . 96 
40 10 . 5  0 . 88 9 . 8 0 . 82 25 . 0  2 . 08 
45 10 . l  0 . 84 9 . 7 0 . 81 18 . 0  1 . 50 
50 9 . 8 0 . 82 9 . 5 0 . 79 16 . o · 1 . 33 
55 9 . 6 0 . 80 9 . 1 0 . 76 16 . 0  1 . 33 
60 9 . 4 0 . 78 9 . 2  0 . 77 16 . 0  1 . 33 
65 9 . 4 0 . 78 15 . 0  1 . 2 5 
70 9 . 0  0 . 75 14 . 0  1 . 17 
75 8 . 8  0 . 73 
80 8 . 8  - o .  73 
85 8 . 8  0 . 73 
90 12 . 5  1 . 04 
95 
100 8 . 8  0 . 73 
105 11 . 5  0 . 96 
110 
115 
120 4 . 7 0 . 39 
125 10 . 3  0 . 86 
130 
135 
140 9 . 5 0 . 79 
145 
150 
155 
160 8 . 8  0 . 73 
165 
170 8 . 0 0 . 67 
185 7 . 0  0 . 58 
2 15 6 . 0* o . so* 
Depth of water remaining in the culvert after runoff flow had ceased . 
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APPENDIX II 
Summary of Information Obtained from 
the Duplicate Analysis of Daily Composited Snowmelt Runoff Samples 
Concentrations (mg/1 ) 
Date Volatile Total 
Total Suspended Suspended Kjeldahl Total Soluble 
BOD COD Solids Solids Sol ids Nitrogen Phos;ehorus Phos;ehorus 
April 5 17 126 371 150 43 8. 1 2. 80 2. 34 
121 436 157 46 8. 1 2. 72 2. 40 
Apr il 6 4. 4 70 218 102 25 3. 8, 1 .  71 1. 35 
5 . 8 67 215 99 26 3. 9 1. 68 1. 71 
I 
Apr il 7 0. 9 30 161 75 24 1 . 4  0. 94 0. 77  
1 . 0  24 163 74 19 1. 3 0 .99 o .  71 
April 8 
* 
28 151 2, 522 2,120 365 7 . 8  2. 40 1 . 10 
32 153 2,362 2, 220 380 8 . 1  2. 60 1 .11 
_April 9 2. 3 34 180 17 7 1 . 8  0 .69 0 . 65 
2. 5 36 185 19 9 1 .  7 0. 67 0. 61 
Apr il 10 3 .1 33 319 30 16 1 . 8  0 . 44 0. 26 
4. 4 30 282 43 13 1. 9 0. 49 0 . 42 
Apr il 11 4 . 5  22 514 174 30 1 . 9 0. 5 5  0 . 47 
5. 1 25 588 150 38 1 . 9  0. 49 0 . 27 
(J1 
* 0) 
Represents snowmelt plus rainfall runoff . 
Time from 
Beginning 
of Runoff 
(min) 
0 
15 
30 
45 
60 
75 
90 
105 
BOD 
6. 6 
6. 4 
4 .6 
4. 7 
4. 4 
4. 5 
5. 8 
4. 0 
Summary of Information Obtained from 
Analysis of the Grab Samples Resulting from the June 17 Rainfall  
COD 
420 
104 
239 
316 
100 
109 
73 
69 
Total 
Sol ids 
10 ,049 
2 ,939 
2 , 276 
1 , 565 
1 ,260 
904 
985 
1 , 024 
Concentrat ions (rng/1) 
Suspended 
$ol ids 
9 , 310 
2 , 524 
2 , 086 
566 
1 ,014 
566 
480 
69-3 
Volatile 
Suspended 
Sol ids 
4 ,975 
I 
366 
326 
118 
194 
190 
118 
250 
Total 
Kjeldahl 
Nitrogen 
19. 60 
8. 95 
5.09 
8. 40 
6. 85 
6. 43 
5. 19 
4 . 90 
Soluble 
Phosphorus 
0. 80 
0. 74 
1. 00 
o .  71 
0. 87 
1. 08 
1. 05 
1. 02 
Sample 
BOD COD 
June 17 5.0 146 
June 25  AM 8 . 9 407 
June 25 PM 10. 4 517 
Summary of Information Obtained from the 
Analysis of Composite Rainfal l  Runoff Samples 
Total 
Solids 
3 , 832 
3 , 692 
7 , 850 
Concentration (mg/1 ) 
Suspended 
Solids 
3 , 545 
3 , 580 
7 , 780 
Volatile 
Suspended 
Solid's 
750 
575 
975 
Total 
Kjeldahl 
Nitrogen 
12 . 1  
17. 4  
20 . 3  
Soluble 
Phosphorus 
0 . 83 
0 . 43 
0 . 28 
01 
00 
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APPENDIX I I I  
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COD Concentration of Rainfall Runoff Samples 
from the Drainage Basin arid Percent Reduction by Centrifugation 
Raw Centrifuged Percent 
Sample COD COD Reduct'ion 
(mg/1) (mg/1) 
June 1 7  - 1 420 38 91 
" - 2 104 38 63 
" 3 239 41 83 
" - 4 316 39 88 
" - 5 100 46 54 
" - 6 109 37 66 
" - 7 73 40 45 
" - 8 69 37 46 
June 17  - Comp. 146 39 73 
June 25 - Comp. 407 32. 3 92 
June 25 - Comp. 517  31. 6 94 
Average= 72 % 
' l  
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Total Kjeldahl Nitrogen Concentration of Rainfall Runoff Samples 
from the Drainage Basin and Percent Reduction by Centrifugation 
Sample 
June 17  - 1 
" - 2 
" 3 
" - 4 
" - 5 
" - 6 
" - 7 
" - 8 
June 1 7  Comp. 
June 25 Comp. 
June 25 - Comp. 
Raw Total 
Kjeldahl 
Nitrogen 
(mg/1) 
19. 6 
8. 95 
5. 09 
8. 40 
6. 85 
6. 43 
5. 19 
4. 90 
12. 1 
1 7. 4 
20. 3 
Centrifuged 
T�tal Kjeldahl 
Nitrogen 
(mg/1) 
1. 4 7  
1. 37 
1. 56 
1. 28 
1. 37 
1. 28 
1. 37 
1. 28 
1. 82 
1. 13 
1. 24 
Percent 
Reduction 
92 
85 
69 
85 
80 
80 
- 74  
74  
85  
94  
94  
Average = 83 % 
